Introduction 39
The vimentin filament network provides architectural support for cells and contributes to the 40 positioning and function of cellular organelles [1] [2] [3] . Vimentin plays multiple roles in cell 41 regulation by interacting with signaling proteins, adhesion molecules 4, 5 , chaperones 6, 7 and 42 other cytoskeletal elements 8, 9 . The vimentin monomer consists of 466 residues organized in a 43 central rod of predominantly α-helical structure flanked by intrinsically disordered N-and C-44 terminal domains (Fig. 1A) . Vimentin polymerization is believed to progress from parallel 45 dimers to antiparallel tetramers, eight of which associate laterally in "unit length filaments" 46 that engage head to tail to form filaments. The vimentin network is highly dynamic and rapidly 47 responds to heat-shock, oxidative and electrophilic stresses, ATP and divalent cation 48 availability [10] [11] [12] , playing a key role in cell adaptation. 49
Posttranslational modifications are critical for fast and versatile network remodeling 13 . 50
Phosphorylation of specific residues regulates vimentin assembly and involvement in migration 51 and invasion 14, 15 . In mitosis, vimentin phosphorylation is regulated in a spatio-temporal 52 manner, leading to filament disassembly in certain cell types 16, 17 . Besides, oxidative and 53 electrophilic modifications of vimentin's single cysteine drastically alter network organization, 54 highlighting its crucial role for filament architecture 12, 18 . 55
Vimentin is also the substrate for several proteases, the resulting fragments performing 56 additional cellular roles. Calpains cleave vimentin N-terminus impairing polymerization gambogic acid promote vimentin cleavage in cells by yet unidentified proteases, rendering 63 products missing sequences before S51 and/or after R424 24 . 64
The role of the tail domain in vimentin organization is still incompletely understood. Purified 65 tailless vimentin (vimentin(1-411)) polymerizes in vitro into normal filaments [25] [26] [27] , presenting 66 oligomerization and sedimentation behaviors highly similar to those of full-length vimentin 28 , 67 although higher heterogeneity and wider average diameter 29 have also been noted. In turn, 68 the vimentin tail has been suggested to undergo conformational changes during filament 69 elongation and assembly in vitro 30 , and to modulate interactions with divalent cations 25, 31 . 70
In cells, vimentin(1-411) mutants form either normal extended arrays or filaments with a 71 tendency to collapse, depending on the experimental system 26, 27 . Additionally, the tail domain 72 has been proposed to act as a cytoplasmic retention signal 32 and contribute to filament 73 stability 26 . However, the mechanism(s) by which C-terminally truncated vimentin forms induce 74 cellular perturbations has not been fully elucidated. 75
Vimentin is an exquisite sensor for oxidative and electrophilic stresses 12 , and presents sites for 76 modification by electrophilic lipids (lipoxidation) across the whole monomer 33 . While exploring 77 these modifications, we have observed that C-terminal truncated mutants, particularly 78 vimentin(1-411) and the reported product of HIV-protease cleavage 23 7 chromosomes, without altering the peripheral distribution of vimentin wt in mitosis or the 136 presence of vimentin(1-411) bundles (Fig. 3B ). 137
Vimentin wt shows little coincidence with filamentous actin (f-actin) in interphase (Fig. 3C) . In 138 mitosis, f-actin accumulates at the cell periphery forming the actomyosin cortex, a stiff 139 structure that allows spindle formation and orientation and maintains the cells spherical shape 140 34, 35 . Interestingly, peripherally distributed vimentin appeared to line the internal surface of the 141 actomyosin cortex, partially overlapping with actin ( Fig. 3C , fluorescence intensity profiles). 142
Conversely, vimentin(1-411) did not follow the actin pattern under any condition (Fig. 3C) . 143
Importantly, vimentin cortical association was not a mere consequence of cell rounding, since 144 newly-plated round cells showed vimentin perinuclear distribution, clearly unrelated to actin 145 ( Supplementary Fig. 2) . 146
Although vimentin and actin show a reciprocal regulation at several cellular structures in 147 resting cells 36, 37 , their interplay in mitosis has not been explored. Disruption of actin 148 polymerization with cytochalasin B (Fig. 3C ) B elicited a patchy f-actin distribution without 149 severely affecting vimentin wt in resting cells. In mitotic cells, vimentin appeared in bundles 150 entangled with dividing chromosomes, resembling vimentin(1-411), which was not further 151 altered by cytochalasin B. Latrunculin A markedly decreased f-actin, leading to scattered 152 aggregates (Fig. 3E) . Loss of f-actin in mitosis correlated with vimentin bundling and 153 intertwining with chromosomes. Interestingly, treatment with C3 toxin to inhibit Rho proteins, 154 which are important for actomyosin cortex assembly 38, 39 , resulted in a less homogeneous 155 mitotic cortex and compromised vimentin peripheral distribution. Lastly, jaspalkinolide 40 156 elicited actin aggregates co-localizing with vimentin filaments in resting cells, and partially9 indicating a role for protease activity (Fig. 4D) . HIV-protease-induced vimentin accumulations 186 remained in mitosis and concentrated close to the dividing chromosomes (Fig. 4E) . These 187 results show that various pathophysiological agents cause anomalous vimentin distribution in 188 mitosis, hampering cortical localization. 189
Vimentin is intimately intertwined with actin at the mitotic cortex. 190
Analysis of the interaction of vimentin with the actomyosin cortex by superresolution 191 microscopy (STED) showed vimentin filaments next to the cortex, intermingling with actin at 192 some points (Fig. 5A , upper two rows) or running between two actin layers ( were prepared for global visualization and quantitation of the cortex 43 (Fig. 6B) . Fluorescence 208 intensity profiles of these projections illustrated the alternate distribution of actin andstandard deviation of f-actin pixel brightness, indicating wider variations in f-actin distribution 211 (Fig. 6B) . Additionally, we analyzed orthogonal projections of vimentin-positive and -negative 212 mitotic cells (Fig. 6C) . Notably, vimentin filaments could be detected both at the top and 213 bottom of vimentin-positive cells (Fig. 6C, arrowheads) , with a particular enrichment of robust 214 lattices at the basal layer, next to the substrate. These structures were obviously absent from 215 non-transfected cells, but also from cells expressing vimentin(1-411), which was frequently 216 retained close to the inner actin "ring-like" structure (Fig. 6C, inset) , clearly detectable in some 217 cells, which has been involved in spindle positioning 44 . Additionally, the basal vimentin lattice 218 was associated with a decreased f-actin signal and lower standard deviation of pixel brightness 219 at this location, suggestive of less polymerized actin structures (Fig. 6C, graph) . Altogether, 220
these results indicate that vimentin may be an important player at the mitotic cortex, exerting 221 a measurable impact on its characteristics that could influence cell division dynamics. 222
Impact of serial C-terminal deletions on vimentin organization and mitotic peripheral 223

distribution. 224
Structural determinants allowing vimentin to reach the cell periphery in mitosis were explored 225 by analyzing the distribution of mutants bearing several C-terminal deletions (Fig. 7A) . 226
Vimentin(1-423), mimicking the reported HIV-protease cleavage product 23, 45, 46 , formed curly 227 bundles in the nuclear vicinity (Fig. 7B) , similar to vimentin(1-411). Vimentin(1-423) coiled 228 bundles mainly remained near the condensed chromosomes in mitosis, either interfering with 229 the mitotic spindle or located at one of the poles (Fig. 7C) . Often, multi-nucleated cells 230 containing coiled vimentin(1-423), and in some cases DNA, in the space between nuclei were 231 found ( Supplementary Fig. 1 ), suggesting cytokinetic defects. Time-lapse monitoring of cells 232 expressing vimentin(1-423) confirmed marked mitotic alterations, including vimentinnot reach cortical actin (Fig. 7E) . 236
Vimentin(1-448) (Fig. 7A) , yielded a heterogeneous pattern with both extended filaments and 237 robust bundles or accumulations (Fig. 7F) . These persisted in mitotic cells, sometimes 238 appearing at basal planes or at the cell periphery (Fig. 7G) . Mitotic cells suffered two main 239
fates: approximately 40% exhibited delayed separation ending in cell death, indicative of 240 cytokinetic failure, whereas 60% completed mitosis through vimentin asymmetric partition 241 ( Fig. 7H and supplementary videos 10 and 11) . Nevertheless, some peripheral filamentous 242 vimentin could be detected, lying adjacent to the actomyosin cortex (Fig 7I) . 243
Finally, a construct with a shorter C-terminal deletion, vimentin(1-459), formed filaments 244 similar in morphology and extension to those of vimentin wt, although ∼18% of the cells also 245 showed small bundles or curls (Fig. 7J) . In mitosis, vimentin(1-459) adopted a mainly peripheral 246 distribution, although some cells presented filaments intertwined with chromosomes (Fig. 7K) . 247
In time-lapse monitoring ( with some segments of the actomyosin cortex, whereas some filaments persisted in the 252 central area (Fig. 7M) . Thus, deletion of the last seven amino acids induces a mild perturbation 253 of vimentin distribution in mitosis. 254
Taken together, these results reveal that step-wise deletion of the tail gradually impairs 255 normal vimentin assembly and redistribution in mitosis, with abolishment of mitotic peripheral 256 localization being observed upon vimentin truncation at L423 or I411. 257 8. Vimentin cortical association in mitosis does not require network formation or full 259 filament assembly. 260
To discard that lack of cortical association could be due to intense bundling, we used GFP-261 vimentin fusion constructs, which do not form full filaments in SW13/cl.2 cells 12 . First, the 262 organization of GFP-vimentin wt and all the truncated variants was studied (Fig. 8A) . GFP-263 vimentin wt formed a uniform lattice of squiggles or short filaments 12 (Fig 8A) . Conversely, Nevertheless, GFP-vimentin wt structures were clearly detected at the mitotic cell cortex co-276 localizing with actin ( Fig. 8B) . In sharp contrast, GFP-vimentin(1-411) dots appeared scattered 277 throughout the cell. This lack of cortical association cannot be solely attributed to defective 278 elongation, since dots formed by full-length GFP-vimentin C328S, which is also elongation-279 incompetent 12 , relocated to the periphery of mitotic cells (Fig 8B) . GFP-vimentin(1-423) 280 accumulations also failed to associate with the actin cortex, frequently appearing near the 281 cytoplasmic f-actin ring, whereas > 60% of GFP-vimentin(1-448) dots redistributed to the cell 282 periphery and cortical localization of GFP-vimentin(1-459) mixed structures was preserved ( Fig. denoting the importance of the segment 424-448 for this redistribution (Fig. 8D) . Moreover, 285 full filament elongation is not necessary for cortical association since particles formed by 286 constructs retaining all or most of the tail domain, effectively relocate to the cell periphery. 287
Nevertheless, a certain degree of assembly seems necessary since neither GFP-vim(412-466) 288 (completely diffuse) nor the assembly-incompetent vimentin∆3-74 mutant were able to 289 redistribute to the mitotic cortex ( Supplementary Fig. 4) . 290
Thus, the tail domain is essential, but not sufficient, for vimentin cortical association in mitosis, 291 and other structural or conformational factors appear necessary. 
